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TITLE OF THE INVENTION 

DRIVE CONTROL OF POWER SYSTEM INCLUDING FUEL 

CELLS 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[000 1] The present invention relates to a drive control technique of a 
power system including fuel cells. 

10 2. Description of the Related Art 

[0002] Various power systems have been developed and proposed, which 
include fuel cells and a fuel gas generation system for generating a fuel gas 
to be supplied to the fuel cells and output electric power. In some type of 
the known fuel gas generation systems, a reformer reforms a material like 

15 gasoline or methanol to produce a hydrogen-containing gaseous mixture and 
a hydrogen separator unit with a hydrogen separation membrane extracts 
hydrogen from the gaseous mixture. 

[0003] In this known fuel gas generation system with the hydrogen 
separation membrane, some techniques of removing hydrogen from the 
20 hydrogen separator unit at a stop of the system have been proposed to 
prevent hydrogen brittleness of the hydrogen separation membrane (for 
example, see Patent Laid-Open Gazette No. 2001-118594 and No. 
2002-93449). 

[0004] Application of the power system to mobile objects, such as 
25 vehicles with a motor as a driving source, has been highly expected. On 
the vehicle, however, the fuel gas generation system is subjected to frequent 
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temporary stops, for example, during a stop at a traffic light and during a 
drive on a downslope. Removal of hydrogen from the hydrogen separator 
unit at every temporary stop undesirably lengthens a restart time of the 
system and causes a significant energy loss. 
5 [0005] As described in Patent Laid Open Gazette No. 2001 35518, a 
hydrogen reservoir may be placed in the fuel gas generation system to warm 
up the fuel gas generation system and quickly supply hydrogen to the fuel 
cells at the time of a restart of the fuel gas generation system. The 
presence of the hydrogen reservoir, however, undesirably increases the size 
10 of the whole system and complicates the system configuration. 

SUMMARY OF THE INVENTION 

[0006] The object of the invention is thus to shorten a restart time of a 
fuel gas generation system and reduce a potential energy loss in a power 
15 system, which includes fuel cells and the fuel gas generation system that 
generates a fuel gas to be supplied to the fuel cells. 

[0007] In order to attain at least part of the above and other related 
objects, the present invention is directed to a power system that includes 
fuel cells and a fuel gas generation system that generates a hydrogen-rich 

20 fuel gas to be supplied to the fuel cells, and outputs electric power. The fuel 
gas generation system includes* a chemical reaction module that generates 
a hydrogen-containing gaseous mixture from a predetermined material 
through a chemical process; and a hydrogen separation module that 
separates hydrogen from the gaseous mixture. The power system further 

25 includes* a hydrogen supply line that supplies the separated hydrogen to the 
fuel cells; a stop signal input module that receives a stop signal for stopping 
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the supply of hydrogen to the fuel cells; a purge gas supply module that 
supplies specified purge gas for removal of hydrogen from the hydrogen 
separation module; and a stop control module that selects a hydrogen purge 
mode that activates and controls the purge gas supply module to remove 
5 hydrogen from the hydrogen separation module or a hydrogen no-purge 
mode that stops the purge gas supply module as a stop control mode, 
executes stop control in the stop control mode to stop the supply of hydrogen 
to the fuel cells. 

[0008] In the power system of the invention, the stop control module 

10 selectively uses the hydrogen purge mode and the hydrogen no-purge mode 
for the stop control, which is accompanied with a stop of supply of the fuel 
gas by the fuel gas generation system. In the hydrogen purge mode, 
hydrogen in the hydrogen separation module is replaced with the purge gas, 
such as the air, to be removed. In the hydrogen no-purge mode, on the 

15 other hand, hydrogen is allowed to remain in the hydrogen separation 
module. The hydrogen purge mode is selected when the fuel gas generation 
system stops supply of the fuel gas for a long time period. The hydrogen 
on-purge mode is selected when the fuel gas generation system temporarily 
stops supply of the fuel gas. 

20 [0009] In the power system of the invention, hydrogen remains in the 
hydrogen separation module when the fuel gas generation system 
temporarily stops supply of the fuel gas and execute the stop control in the 
hydrogen no-purge mode. This arrangement ensures a quick supply of 
hydrogen to the fuel cells in response to an output demand, thus desirably 

25 shortening a restart time of the fuel gas generation system and reducing a 
potential energy loss. 
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[00 10] In one preferable application of the invention, the power system 
further has a parameter input module that inputs a predetermined 
parameter representing a working state of the power system or a system 
with the power system mounted thereon. The stop control module selects 
5 either of the hydrogen purge mode and the hydrogen no-purge mode as the 
stop control mode, based on the input parameter, and executes the stop 
control in the selected stop control mode. 

[0011] Here the 'predetermined parameter representing the working 
state of the power system' may be a temperature or a pressure at a preset 

10 position in the power system, for example, at the chemical reaction module, 
the hydrogen separation module, or the fuel cells. The 'predetermined 
parameter representing the working state of the system with the power 
system mounted thereon' may be a vehicle speed, a gearshift position, a foot 
brake on-off state, or an accelerator opening, when the system with the 

15 power system mounted thereon is an electric vehicle. 

[0012] This arrangement enables the stop control mode to be adequately 
changed over, based on the selected parameter. 

[0013] In one preferable embodiment of the power system of the 
invention, the stop control module changes over the stop control mode to the 
20 hydrogen purge mode, after execution of the stop control in the hydrogen 
no-purge mode. 

[0014] This arrangement changes over the stop control mode from the 
hydrogen no-purge mode to the hydrogen purge mode stepwise. Namely 
the stop control in the hydrogen purge mode is not carried out immediately 
25 after input of the stop signal. A supply of hydrogen to the fuel cells can 
thus be quickly resumed in a time period between a start of the stop control 
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in the hydrogen no-purge mode and a changeover of the stop control mode to 
the hydrogen purge mode. 

[0015] In this preferable embodiment, the power system further has a 
parameter input module that inputs a predetermined parameter 
5 representing a working state of the power system or a system with the 
power system mounted thereon. The stop control module switches over the 
stop control mode from the hydrogen no-purge mode to the hydrogen purge 
mode, when the input parameter fulfils a preset condition. 
[0016] This arrangement enables the stop control mode to be changed 

10 over at an adequate timing, based on the selected parameter. 

[0017] In one preferable embodiment, the power system having the 
parameter input module further includes a temperature measurement 
module that measures temperature at a preset position in the power system. 
The predetermined parameter includes a parameter representing the 

15 observed temperature, and the stop control module switches over the stop 
control mode from the hydrogen no-purge mode to the hydrogen purge mode, 
when the observed temperature is not higher than a preset level. 
[0018] In one concrete example, the hydrogen separation module has a 
hydrogen separation membrane. During the stop control in the hydrogen 

20 no-purge mode, a decrease in temperature of the hydrogen separation 
membrane to or below a preset level may cause hydrogen brittleness of the 
hydrogen separation membrane. The temperature drop may also lead to 
hydrogen-induced deterioration of the other constituents of the fuel gas 
generation system. The arrangement of this embodiment effectively 

25 prevents hydrogen-induced deterioration of the constituents in the case of a 
temperature drop. 
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[0019] In another preferable application of the invention, the power 
system further has a booster mechanism that boosts up a pressure of 
hydrogen in the hydrogen supply line. The stop control module controls the 
booster mechanism to boost up the pressure of hydrogen in the hydrogen 
5 supply line, in the setting of the hydrogen no-purge mode to the stop control 
mode. 

[0020] The booster mechanism is required to raise the pressure in the 
hydrogen supply line to be higher than a level in the state of normal 
operations. In one simplified structure, the hydrogen supply line has a 
10 valve, which is operated to heighten the pressure of hydrogen in the 
hydrogen supply line to the level of supply pressure of the material to the 
chemical reaction module. Another available structure uses an exclusive 
pump to raise the pressure in the hydrogen supply line. 

[0021] Hydrogen is accumulated in the hydrogen supply line during the 
15 stop control in the hydrogen no-purge mode. This arrangement ensures a 
quick supply of a large amount of hydrogen in response to an output 
demand. 

[0022] In still another preferable application of the invention, the power 
system further has a temperature retention module that keeps temperature 
20 in the hydrogen separation module. The stop control module controls the 
temperature retention module to keep the temperature in the hydrogen 
separation module, in the setting of the hydrogen no-purge mode to the stop 
control mode. 

[0023] The temperature retention module may be, for example, a 
25 combustor for combusting the fuel or an electric heater. This arrangement 
effectively prevents hydrogen brittleness of the hydrogen separation module, 
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due to a temperature drop of the hydrogen separation module during the 
stop control in the hydrogen no -purge mode. 

[0024] The temperature retention module may be activated 

simultaneously with a start of the stop control in the hydrogen no-purge 
5 mode or when the temperature of the hydrogen separation module is 
lowered to or below a preset level. The temperature level to be kept may be 
equal to the temperature in the state of normal operations or may be lower 
than the temperature in the state of normal operations in a range that does 
not cause hydrogen brittle ness. 
10 [0025] In the power system of this application, the stop control module 
may stop the operation of the temperature retention module, when the stop 
control in the hydrogen no-purge mode continues for at least a preset time 
period. 

[0026] The long time operation of the temperature retention module 
15 leads to an energy loss of the power system. This arrangement effectively 
reduces a potential energy loss, due to the long-time operation of the 
temperature retention module. 

[0027] In another preferable embodiment of the power system, the stop 
control module actuates the purge gas supply module on the condition that 
20 hydrogen remains in the hydrogen separation module, in the setting of the 
hydrogen no-purge mode to the stop control mode. 

[0028] The quantity of hydrogen remaining in the hydrogen separation 
module may be set arbitrarily, for example, may be fixed to a specific value 
or may be varied with a variation in temperature of the hydrogen separation 
25 module. The supply of the purge gas may also be set arbitrarily, for 
example, may be fixed to a specific value or may be varied with a variation 
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in temperature of the hydrogen separation module. 

[0029] This arrangement reduces the quantity of hydrogen remaining in 
the hydrogen separation module and thereby effectively prevents hydrogen 
brittleness of the hydrogen separation module. Hydrogen remains in the 
5 hydrogen separation module during the stop control in the hydrogen 
no-purge mode. This ensures a quick supply of hydrogen to the fuel cells in 
response to an output demand. This arrangement is especially effective for 
the structure without the temperature retention module discussed above. 
[0030] In one preferable structure of this power system, the hydrogen 

10 separation module may include a sensor for measuring a concentration of 
hydrogen. The operation of the purge gas supply module is controlled 
according to the observed concentration of hydrogen, in the setting of the 
hydrogen no-purge mode to the stop control mode. 

In another example, the stop control module may stop the operation 

15 of the purge gas supply module after elapse of a predetermined time period 
since a start of actuation of the purge gas supply module, in the setting of 
the hydrogen no-purge mode to the stop control mode. 

[0031] The predetermined time period may be set arbitrarily on the 
condition that hydrogen remains in the hydrogen separation module. This 
20 arrangement enables the operations of the purge gas supply module to be 
controlled by the simple structure. 

[0032] In still another preferable application of the invention, the power 
system further includes' a restart request input module that receives a 
restart request to restart the fuel gas generation system, where the restart 
25 request includes an output demand to the fuel cells; and a material supply 
control module that regulates a supply of the material to the chemical 
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reaction module, in response to the output demand. The material supply 
control module supplies a greater amount of the material to the chemical 
reaction module than a normal supply in a state of normal operations, in 
response to input of the restart request into the restart request input 
5 module after a start of the stop control in the hydrogen purge mode. 

[0033] The stop control in the hydrogen purge mode replaces hydrogen 
in the hydrogen separation module with the purge gas and can thus not 
quickly supply hydrogen at the time of a restart. In such cases, the power 
system of this application supplies a greater amount of the material to the 

10 chemical reaction module than a normal supply in the state of normal 
operations. This arrangement quickly implements replacement of the 
purge gas in the hydrogen separation module with hydrogen and thus 
ensures a quick supply of hydrogen at the time of a restart. 
[0034] The greater supply of the material than the normal supply in the 

15 state of normal operations may be a fixed value or may be determined by 
multiplying the normal supply by a preset value or by adding a preset value 
to the normal supply. The greater supply of the material may be continued 
for a predetermined time period or until the fuel cells are ready to supply 
electric power that meets an output demand. 

20 [0035] In one desired embodiment of the power system of the above 
application, the material supply control module supplies the greater amount 
of the material to the chemical reaction module than the normal supply in 
the state of normal operations, only when the output demand is not greater 
than a preset level after a start of the stop control in the hydrogen purge 

25 mode. 

[0036] When the output demand is greater than the preset level, the 
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greater supply of the material than the normal supply in the state of normal 
operations may cause an excess supply and lower the efficiency of the power 
system. This embodiment desirably prevents such potential troubles. 
[0037] In another preferable embodiment of the invention, the power 
5 system further includes- a secondary battery; and a power supply control 
module that controls supply of electric power from the secondary battery 
according to a state of the stop control of the fuel cells. 

This arrangement enhances the convenience of the power system. 
[0038] In one preferable application of this embodiment, the power 

10 system also has an output demand input module that receives an output 
demand to the power system. In response to the output demand of not 
greater than a preset level, the power control module controls the secondary 
battery to output electric power and the stop control module executes the 
stop control in the hydrogen no-purge mode. 

15 [0039] The fuel cells may have poor power generation efficiency, when 
the output demand is not greater than the preset level. Under the 
conditions of poor power generation efficiency of the fuel cells, the power 
system of this application stops output of electric power from the fuel cells, 
executes the stop control in the hydrogen no-purge mode, and controls the 

20 secondary battery to output electric power. When the output demand is 
greater than the preset level, on the other hand, the power system of this 
application stops the stop control in the hydrogen no-purge mode and 
controls the fuel cells to output electric power. This arrangement ensures 
the efficient operations of the power system. 

25 [0040] In another preferable application, the power system of this 
embodiment equipped with the secondary battery further has a 
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state -of- charge measurement module that measures a state of charge of the 
secondary battery. The stop control module executes the stop control in the 
hydrogen purge mode, when the observed state of charge is not higher than 
a preset level. 

5 [0041] The supply of electric power from the secondary battery may be 
used to start the fuel gas generation system. This arrangement stops the 
fuel gas generation system, while saving the required state of charge of the 
secondary battery for a start of the fuel gas generation system. 
[0042] The present invention is also directed to a mobile object having a 

10 motor as a driving source. The mobile object includes the power system of 
any of the above arrangements as a power source of the motor. 
[0043] The stop control in the hydrogen no-purge mode is executed 
during a temporary stop of the fuel gas generation system, for example, 
during a stop at a traffic light or during a drive on a downslope. When the 

15 mobile object resumes moving, the fuel gas generation system is quickly 
restarted to drive the motor with a supply of electric power from the fuel 
cells. 

[0044] In one preferable embodiment of the mobile object of the 

invention, the predetermined parameter includes a parameter representing 
20 an on-off state of a starter switch of the motor, and the stop control module 
executes the stop control in the hydrogen purge mode when the starter 
switch is off. 

[0045] When the starter switch of the motor is set off, there is a high 
possibility that the fuel gas generation system stops for a long time period. 
25 The arrangement of this embodiment switches over the stop control mode 
according to the position of the starter switch of the motor. 
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[0046] In another preferable embodiment, the mobile object further 
includes : an operation state input module that inputs an operation state of a 
manipulation unit for moving the mobile object; and a restart control 
module that restarts the fuel gas generation system when the input 
5 operation state allows for movement of the mobile object, in the setting of 
the hydrogen purge mode to the stop control mode. 

[0047] Here the 'manipulation unit for moving the mobile object 1 is, for 
example, a gearshift lever or a foot brake, when the mobile object is an 
electric vehicle. Even in the case of the stop control in the hydrogen purge 

10 mode, there is a high possibility that the fuel gas generation system will be 
restarted in a short time, when the gearshift position is neither N (neutral 
position) nor P (parking position) or when the foot brake is off. 
[0048] This arrangement enables a restart of the fuel gas generation 
system based on the operation state of the manipulation unit during the 

15 stop control in the hydrogen purge mode, without waiting for receiving an 
output demand to the fuel cells. 

[0049] In still another preferable embodiment, the mobile object further 
includes- a moving speed measurement module that measures a moving 
speed of the mobile object; and a restart control module that restarts the 
20 fuel gas generation system when the observed moving speed exceeds a 
preset level, in the setting of the hydrogen purge mode to the stop control 
mode. 

[0050] The technique of the invention is applied to the mobile object with 
the power system including the fuel cells and the secondary battery. As 
25 discussed above, when the output demand to the fuel cells is not greater 
than the preset level, the fuel cells may have poor power generation 



12 



PF14K271 



efficiency. While the mobile object moves on the general flat road surface, 
the moving speed is closely related to the output demand. The moving 
speed of not higher than the preset level may thus cause the poor power 
generation efficiency of the fuel cells. The mobile object of this embodiment 
5 drives the motor with a supply of electric power from the secondary battery 
and causes the fuel gas generation system to execute the stop control, when 
the moving speed is not higher than the preset level. When the moving 
speed exceeds the preset level, the mobile object restarts the fuel gas 
generation system and drives the motor with a supply of electric power from 

10 the fuel cells. The mobile object accordingly has the good energy efficiency. 
[0051] In one preferable application, the mobile object equipped with the 
restart control module further includes a temperature measurement module 
that measures a temperature at a specified position in the fuel gas 
generation system. The stop control module warms up the fuel gas 

15 generation system, in response to input of the restart request into the 
restart request input module, when the observed temperature is not higher 
than a preset lower limit, in the setting of the hydrogen purge mode to the 
stop control mode. 

[0052] The fuel gas generation system is driven under relatively high 
20 temperature conditions. The 'lower limit' represents a threshold value that 
allows the fuel gas generation system to generate hydrogen. When the 
observed temperature at the specified position is not higher than the lower 
limit, supply of the material does not result in generation of hydrogen. In 
this case, the mobile object of this application does not execute the restart 
25 control discussed above in response to a restart request but warms up the 
fuel gas generation system. This arrangement ensures the adequate 
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operations of the power system. 

[0053] The invention is not restricted to the applications of the power 
system and the mobile object discussed above. The technique of the 
invention may also be actualized by respective control methods of the power 
5 system and the mobile object, a fuel gas generation system, and a control 
method of the fuel gas generation system. The diverse additional 
arrangements discussed above may also be applicable to these methods and 
system. 

These and other objects, features, aspects, and advantages of the 
10 present invention will become more apparent from the following detailed 
description of the preferred embodiments with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] Fig. 1 schematically illustrates the configuration of an electric 
15 vehicle in one embodiment of the invention; 

Fig. 2 schematically illustrates the structure of a fuel cell system in 
the embodiment; 

Fig. 3 shows the open-closed positions of valves in the fuel cell 

system; 

20 Fig. 4 is a flowchart showing a drive control routine executed in a 

power system; 

Fig. 5 is a flowchart showing the details of the control decision 
process executed at step S100 in the drive control routine of Fig. 4; 

Fig. 6 is a flowchart showing the details of the pause process 
25 executed at step S500 in the drive control routine of Fig. 4; 

Fig. 7 is a flowchart showing the details of the stop process executed 
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at step S600 in the drive control routine of Fig. 41 

Fig. 8 is a flowchart showing the details of the restart process 
executed at step S700 in the drive control routine of Fig. 4; 

Fig. 9(a) and 9(b) are graphs showing variations in supply of the 
5 material against the output demand in a warm- up accelerating material 
supply process; 

Fig. 10 is a flowchart showing a pause process executed in a second 
embodiment; and 

Fig. 11 shows the open-closed positions of valves in a fuel cell system 
10 in the pause process of the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0055] Some modes of carrying out the invention are discussed below as 
preferred embodiments in the following sequence - 
15 A. System Configuration 

Al. Configuration of Electric Vehicle 

A2. Structure of Power System 

A3. Structure of Fuel Cell System 
B. Drive Control Process 
20 Bl. Outline of Drive Control Process 

B2. Control Decision Process 

B3. Pause Process 

B4. Stop Process 

B5. Restart Process 
25 C. Second Embodiment 
D. Modification 

15 
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[0056] 

A. System Configuration 

Al. Configuration of Electric Vehicle 

Fig. 1 schematically illustrates the configuration of an electric 
5 vehicle 1000 in one embodiment of the invention. The electric vehicle 1000 
includes a power system 100 and a motor 60. The motor 60 is driven and 
actuated with electric power supply from the power system 100. The power 
of the motor 60 is transmitted to wheels 75L and 75R via an output shaft 65 
and a drive shaft 70. A vehicle speed sensor 80 is attached to the drive 
10 shaft 70. The motor 60 is a three-phase synchronous motor in the 
structure of this embodiment, although any of diverse motors is applicable 
to the motor 60. 

[0057] 

15 A2. Structure of Power System 

The power system 100 includes a fuel cell system 10, a secondary 
battery 20, a DC-DC converter 30, an inverter 40, and a control unit 50. 
[0058] The secondary battery 20 is connected in parallel with fuel cells 
in the fuel cell system 10 via the DC-DC converter 30. The secondary 

20 battery 20 may be any of diverse known secondary batteries including 
lead-acid storage batteries, nickel-cadmium storage batteries, 
nickel -hydro gen storage batteries, and lithium secondary batteries. The 
secondary battery 20 supplies electric power to activate and drive the 
respective constituents of the fuel cell system 10 at a start of the fuel cell 

25 system 10, while supplementing electric power when the power supply from 
the fuel cell system 10 is insufficient. An SOC sensor 22 is attached to the 
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secondary battery 20 to monitor and measure state of charge (SOC) of the 
secondary battery 20. The secondary battery 20 is adequately charged by 
the fuel cells or through regenerative braking, based on the observed state 
of charge SOC. 

5 [0059] The DC-DC converter 30 functions to regulate output voltages 
supplied from the fuel cells and the secondary battery 20. The inverter 40 
functions to convert electric powers supplied from the fuel cells and the 
secondary battery 20 into three-phase alternating currents and to output 
the converted three-phase alternating currents to the motor 60. 

10 [0060] The control unit 50 is constructed as a microcomputer including a 
CPU, a ROM, a RAM, and a timer. The control unit 50 receives inputs of 
various signals and carries out drive control in response to these input 
signals as discussed later. The input signals include those representing the 
driving conditions of the electric vehicle 1000, for example, a vehicle speed 

15 measured by the vehicle speed sensor 80, a starter switch on-off signal of the 
motor 60, a gearshift position, a foot brake on-off signal, and an accelerator 
opening, as well as those representing the driving conditions of the power 
system 100, for example, state of charge SOC of the secondary battery 20 
measured by the SOC sensor 22 and temperatures and pressures in the 

20 respective constituents of the fuel cell system 10. Output signals from the 
control unit 50 include control signals to control the operations of the 
respective constituents of the fuel cell system 10, the DC-DC converter 30, 
and the inverter 40. 

25 [0061] 

A3. Structure of Fuel Cell System 
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Fig. 2 schematically illustrates the structure of the fuel cell system 
10 in the embodiment. The fuel cell system 10 has a fuel gas generation 
system that generates a hydrogen-rich fuel gas from a predetermined 
hydrogen- containing material and a stack of fuel cells 18 that generates 
5 electromotive force through electrochemical reactions of hydrogen in the fuel 
gas with oxygen in the air. 

[0062] The fuel gas generation system has a reformer unit 11 and a 
hydrogen separator unit 13. The reformer unit 11 receives supplies of a 
material and water, which are vaporized through an evaporator (not shown) 

10 or are otherwise directly sprayed. A valve VI is located in the flow path of 
the material gas. Typical examples of the material include gasoline, 
alcohols like methanol, and hydrocarbons like ethers and aldehydes. The 
reformer unit 11 produces a hydrogen-containing gaseous mixture through a 
reforming reaction. This reformer unit 11 corresponds to the chemical 

15 reaction module of the invention. 

[0063] The reformer unit 11 is filled with a reforming catalyst for 
accelerating the reforming reaction corresponding to the type of the material 
gas used. A temperature sensor 12 is attached to the reformer unit 11 to 
measure the temperature of the reforming catalyst. 

20 [0064] The hydrogen separator unit 13 has a hydrogen separation 
membrane 14 to separate hydrogen from the gaseous mixture produced by 
the reformer unit 11. The flow of hydrogen separated by the hydrogen 
separator unit 13 is supplied to anodes in the stack of fuel cells 18. A valve 
V4 is located in the flow path of the hydrogen (hydrogen supply line). A 

25 pressure sensor 17 is located upstream the valve V4. A non-permeating 
gas that has not permeated through the hydrogen separation membrane 14 
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is combusted in a combustion unit 19 to be exhausted. A valve V3 is 
located in the flow path of the non-permeating gas. The hydrogen 
separator unit 13 has a temperature sensor 15 to measure the temperature 
of the hydrogen separation membrane 14 and an electric heater 16 to heat 
the hydrogen separation membrane 14 in the course of a pause process 
(discussed later). The electric heater 16 may be replaced by a combustor. 
[0065] The stack of fuel cells 18 generate electric power through 
electrochemical reactions of hydrogen supplied to anodes with oxygen 
contained in the air supplied to cathodes. The structure of this 
embodiment applies polymer electrolyte fuel cells, which are relatively small 
in size and have excellent power generation efficiency, are applied to the fuel 
cells 18, although any of other diverse fuel cells including phosphoric acid 
fuel cells and molten carbonate fuel cells are also applicable. Hydrogen 
remaining in the anode-off gas discharged from the anodes of the fuel cells 
18 is combusted in the combustion unit 19 to be exhausted. A valve V5 is 
located in the flow path of the anode-off gas. 

[0066] The fuel cell system 10 of the embodiment has a purge gas supply 
unit (not shown) to give a supply of purge gas for removal of hydrogen from 
the hydrogen separator unit 13. The purge gas supply unit is located 
upstream the reformer unit 11 and may be activated to remove 
non-reformed gas remaining in the reformer unit 11 in the process of stop 
control. The air is used for the purge gas in the structure of this 
embodiment, although another inert gas is also usable. A valve V2 is 
located in the flow path of this purge gas. 

[0067] 
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B. Drive Control Process 

Bl. Outline of Drive Control Process 

The power system 100 of the embodiment switches over the flow of 
drive control process, based on the various parameters discussed above. In 
5 this embodiment, 'pause process', 'stop process', 'restart process', and 
'normal process' are provided as the available flows of drive control process. 
[0068] The pause process is a discontinuation control process executed to 
temporarily stop the fuel gas generation system. This pause process 
corresponds to the stop control in the hydrogen no-purge mode of the 
10 invention. 

[0069] The stop process is another discontinuation control process 
executed to stop the fuel gas generation system for a long time period. This 
stop process corresponds to the stop control in the hydrogen purge mode of 
the invention. 

15 [0070] The restart process is executed to restart the fuel gas generation 
system. The normal process is executed in the state of normal operations, 
other than the pause process, the stop process, and the restart process. 
[0071] Fig. 3 shows the open-closed positions of the valves in the 
respective processes of the fuel cell system 10. In the pause process, the 

20 valves V2 through V5 are set in the 'closed' position, while the valve VI is 
changed over from the 'open' position to the 'close' position according to the 
output of the pressure sensor 17. In the stop process, the valve VI is set in 
the 'closed' position, while the valves V2 through V5 are set in the 'open' 
position. In the normal process, the valves VI and V3 through V5 are set 

25 in the 'open' position, while the valve V2 is set in the 'closed' position. The 
open-closed positions of the respective valves in the restart process are 
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identical with those in the normal process. The details of the respective 
processes will be discussed later. 

[0072] Fig. 4 is a flowchart showing a drive control routine executed by 
the CPU of the control unit 50 in the power system 100. The CPU inputs 
5 the various parameters discussed above and carries out a control decision 
process (step S100). The control decision process sets ON or OFF a restart 
flag, a pause flag, and a stop flag, based on the input parameters. The 
details of the control decision process will be discussed later. 
[0073] The CPU determines whether the restart flag is set ON (step 

10 S200). In the ON setting of the restart flag, the restart process is executed 
(step S700). In the OFF setting of the restart flag, the CPU subsequently 
determines whether the pause flag is set ON (step S300). In the ON 
setting of the pause flag, the pause process is executed (step S500). In the 
OFF setting of the pause flag, the CPU determines whether the stop flag is 

15 set ON (step S400). In the ON setting of the stop flag, the stop process is 
executed (step S600). In the OFF setting of the stop flag, the normal 
process is executed (step S800). 

[0074] 

20 B2. Control Decision Process 

Fig. 5 is a flowchart showing the details of the control decision 
process executed by the CPU of the control unit 50 at step S100 in the drive 
control routine of Fig. 4. The CPU first determines whether the starter 
switch of the motor 60 is ON (step S105). The OFF setting of the starter 

25 switch suggests the high possibility of stopping the fuel gas generation 
system for a long time period. When the starter switch of the motor 60 is 
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OFF, the CPU sets the pause flag OFF and the stop flag ON (step S165) and 
goes to RETURN. The restart flag is OFF in this state. 

[0075] When the starter switch of the motor 60 is ON at step S105, the 
CPU determines whether the gearshift position is either T f (parking 
5 position) or 'N f (neutral position) (step S110). Setting the gearshift position 
to either 'P' or ? N' suggests the presence of an output demand or the high 
possibility of demanding an output in a very short time period. 
[0076] When the gearshift position is neither f P' nor 'N' at step S110, the 
CPU determines whether the vehicle speed is not higher than a reference 
10 value SPD_ref (step S115). The vehicle speed of not higher than SPD_ref 
may worsen the power generation efficiency of the fuel cells 18. The 
reference vehicle speed SPD_ref is set arbitrarily. 

[0077] When the vehicle speed is higher than SPD_ref at step S115, the 
CPU determines whether the accelerator opening is not greater than a 
15 reference value ACC_ref (step S120). The accelerator opening of not 
greater than ACC_ref suggests a low output demand, which leads to 
deterioration of the power generation efficiency of the fuel cells 18. The 
reference accelerator opening ACC_ref is set arbitrarily. 

[0078] When the accelerator opening is greater than ACC_ref at step 
20 S120, the CPU determines whether the foot brake is ON (step S125). The 
ON setting of the foot brake suggests the high possibility of a low output 
demand. 

[0079] When the foot brake is OFF at step S125, the CPU determines 
whether the output demand to the power system 100 is not greater than a 
25 reference value P_ref (step S130). 

[0080] When the output demand is greater than P_ref at step S130, the 
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CPU determines whether the pause flag is ON (step S135). In the ON 
setting of the pause flag, the CPU sets the restart flag ON (step S145) and 
goes to RETURN. The stop flag is OFF in this state. 

[0081] When the pause flag is OFF at step S135, the CPU determines 
5 whether the stop flag is ON (step S140). In the ON setting of the stop flag, 
the CPU sets the restart flag ON (step S145) and goes to RETURN. 
[0082] When the stop flag is OFF at step S140, the CPU directly goes to 
RETURN. The restart flag is OFF in this state. 

[0083] When any of the conditions is fulfilled at steps S110 through S130, 
10 the CPU determines whether the state of charge SOC of the secondary 
battery 20 is not higher than a reference level SOC_ref (step S150). When 
the state of charge SOC of the secondary battery 20 is higher than SOC_ref, 
the CPU determines whether the temperature of the reforming catalyst in 
the reformer unit 11 is not lower than a reference temperature TMP_ref 
15 (step S155). 

[0084] When the temperature of the reforming catalyst is not lower than 
TMP_ref at step S155, the CPU sets the stop flag OFF and the pause flag 
ON (step S160) and goes to RETURN. The restart flag is OFF in this state. 
[0085] When the state of charge SOC of the secondary battery 20 is not 

20 higher than SOC_ref at step S150 or when the temperature of the reforming 
catalyst is lower than TMP_ref at step S155, the CPU sets the pause flag 
OFF and the stop flag ON (step S165) and goes to RETURN. 
[0086] The control decision process specifies the ON- OFF settings of the 
restart flag, the pause flag, and the stop flag. 

25 [0087] The ON setting of the pause flag or the ON setting of the stop flag 
respectively leads to execution of the pause process or the stop process, 
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while the fuel cell system 10 does not supply electric power. The control 
unit 50 accordingly controls the power system 100 to actuate the secondary 
battery 20 to output required electric power in these states. 

5 [0088] 

B3. Pause Process 

Fig. 6 is a flowchart showing the details of the pause process 
executed by the CPU of the control unit 50 at step S500 in the drive control 
routine of Fig. 4, when the restart flag is OFF and the pause flag is ON. 

10 The CPU first changes over the open-closed positions of the valves VI 
through V5 to the state in the pause process shown in the table of Fig. 3 
(step S510). At the initial stage of the pause process, the valve VI is set in 
the 'open' position. The gaseous mixture produced by the reformer unit 11 
is thus continuously fed to the hydrogen separator unit 13. 

15 [0089] The CPU subsequently activates the electric heater 16 (step 
S520) to keep the temperature of the hydrogen separation membrane 14, 
while monitoring the output of the temperature sensor 15. In the structure 
of this embodiment, the electric heater 16 keeps the temperature of the 
hydrogen separation membrane 14 at the temperature level in normal 

20 operations. The temperature level to be kept may otherwise be set lower 
than the temperature in normal operations in a range that does not cause 
hydrogen brittleness of the hydrogen separation membrane 14. The 
procedure of this embodiment turns the electric heater 16 on immediately 
after the changeover of the open-closed positions of the valves VI through 

25 V5. The electric heater 16 may be activated when the temperature of the 
hydrogen separation membrane 14 is lowered to or below a preset value. 
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Keeping the temperature of the hydrogen separation membrane 14 in the 
pause process effectively prevents hydrogen brittleness of the hydrogen 
separation membrane 14. 

[0090] When the gaseous mixture produced by the reformer unit 11 is 
5 continuously fed to the hydrogen separator unit 13 and an output Pr of the 
pressure sensor 17 rises to or above a reference value Pr_ref (step S530), the 
CPU sets the valve VI in the 'closed' position (step S540). This 
accumulates hydrogen in the hydrogen supply line. A large amount of 
hydrogen is thus suppliable quickly, in response to a greater output demand 

10 to the power system 100 than a specified level. 

[0091] After elapse of a time period Tr_ref since activation of the electric 
heater 16 (step S550), the CPU deactivates the electric heater 16 (step S560) 
and carries out the stop process (step S600). The reference time Tr_ref is 
set arbitrarily. This arrangement effectively reduces a potential energy 

15 loss of the power system 100 by the actuation of the electric heater 16. 

[0092] 

B4. Stop Process 

Fig. 7 is a flowchart showing the details of the stop process executed 
20 by the CPU of the control unit 50 at step S600 in the drive control routine of 
Fig. 4, when the restart flag is OFF and the stop flag is ON. The CPU first 
changes over the open-closed positions of the valves VI through V5 to the 
state in the stop process shown in the table of Fig. 3 (step S610), and 
replaces the non-reformed gas in the reformer unit 11 and hydrogen in the 
25 hydrogen separator unit 13 with the air (step S620). 

[0093] When a preset time period Ts_ref has elapsed since the start of 
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the replacement (step S630), the CPU sets all the valves in the 'closed* 
position (step S640) and terminates the stop process. The reference time 
Ts_ref is set to be a time period that allows hydrogen in the hydrogen 
separator unit 13 to be sufficiently replaced with the air. 

5 

[0094] 

B5. Restart Process 

Fig. 8 is a flowchart showing the details of the restart process 
executed by the CPU of the control unit 50 at step S700 in the drive control 
10 routine of Fig. 4. This process is carried out occasionally in the pause state 
or in the stop state. The CPU first determines whether the restart flag is 
ON (step S710). When the restart flag is OFF, the CPU immediately goes 
to RETURN. 

[0095] When the restart flag is ON at step S710, the CPU determines 
15 whether the stop flag is ON (step S720). The OFF setting of the stop flag 
at step S720 (the pause flag is ON in this state) indicates a restart operation 
in the pause state. The CPU carries out a normal material supply process 
to supply the material in response to an output demand in the state of 
normal operations (step S730). The normal material supply process 
20 changes over the open-closed positions of the valves VI through V5 to the 
state in the normal process shown in the table of Fig. 3, deactivates the 
electric heater 16, and resets the pause flag and the restart flag to OFF. In 
the pause state, hydrogen is accumulated in the hydrogen supply line. The 
normal supply of the material is thus allowable at the time of a restart. 
25 [0096] The ON setting of the stop flag at step S720 indicates a restart 
operation in the stop state. The CPU determines whether the temperature 
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of the reforming catalyst in the reformer unit 11 is not higher than a 
reference temperature TMPrst_ref (step S740). The reference temperature 
TMPrst_ref is set as a lower limit that allows the reformer unit 11 to 
produce the gaseous mixture. When the temperature of the reforming 
5 catalyst is not higher than TMPrst_ref, the reformer unit 11 can hardly 
produce the gaseous mixture. When the temperature of the reforming 
catalyst is not higher than TMPrst_ref, the CPU accordingly carries out a 
warm-up process to warm up the respective constituents in the fuel cell 
system 10 (step S760). The warm-up process resets the stop flag and the 

10 restart flag to OFF. 

[0097] When the temperature of the reforming catalyst is higher than 
TMPrst_ref at step S740, the reformer unit 11 can produce the gaseous 
mixture in an insufficient level. The CPU accordingly carries out a 
warm-up accelerating material supply process (step S750). The warm-up 

15 accelerating material supply process resets the stop flag and the restart flag 
to OFF. The warm-up accelerating material supply process supplies a 
greater amount of the material than the level in the state of normal 
operations when the output demand is not greater than a preset value Ps. 
As described above, the hydrogen in the hydrogen separator unit 13 is 

20 replaced with the air in the stop process. Such replacement interferes with 
a quick supply of hydrogen at the time of a restart. The warm-up 
accelerating material supply process quickly replaces the air in the 
hydrogen separator unit 13 with hydrogen. This allows the fuel gas 
generation system to quickly supply hydrogen to the fuel cells 18. 

25 [0098] Fig. 9(a) and 9(b) are graphs showing variations in supply of the 
material against the output demand in the warm-up accelerating material 
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supply process. The solid-line plot represents a variation in supply of the 
material against the output demand in the warm-up accelerating material 
supply process, whereas the one-dot chain-line plot represents a variation in 
supply of the material against the output demand in the normal material 
5 supply process. In this embodiment, the warm-up accelerating material 
supply process supplies a fixed, greater amount of the material than the 
level in the state of normal operations when the output demand is not 
greater than the preset value Ps as shown in Fig. 9(a). The supply of the 
material may not be fixed when the output demand is not greater than the 

10 preset value Ps as shown in Fig. 9(b). The supply of the material in the 
warm-up accelerating material supply process may be determined by 
multiplying the supply level in the state of normal operations by a specific 
value or by adding a specific value to the supply level in the state of normal 
operations. The greater amount of the material than the level in the state 

15 of normal operations is supplied only when the output demand is not greater 
than the present value Ps. This arrangement effectively prevents a 
potential decrease in efficiency due to the excess supply of the material 
when the output demand is greater than the preset value Ps. 
[0099] In this embodiment, the warm-up accelerating material supply 

20 process supplies a greater amount of the material than the level in the state 
of normal operations until the fuel cells 18 is ready to output a supply of 
electric power that meets the output demand. The supply of the greater 
amount of the material may otherwise continue for a predetermined time 
period. 

25 [0100] As described above, the electric vehicle 1000 of this embodiment 
has the power system 100, which selectively changes over the stop control of 
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the fuel gas generation system between the pause process and the stop 
process. The fuel gas generation system does not remove hydrogen from 
the hydrogen separator unit 13 in the pause state and is thus allowed to 
quickly supply hydrogen to the fuel cells 18 in response to an output 
5 demand at the time of a restart. This arrangement desirably shortens the 
restart time of the fuel gas generation system and reduces a potential 
energy loss. 

[0101] The power system 100 selectively uses the fuel cell system 10 and 
the secondary battery 20 according to the various parameters. Under the 
10 conditions of poor power generation efficiency of the fuel cells 18, the pause 
process is selectively carried out to set the fuel cell system 10 in the pause 
state, while the secondary battery 20 is used to output electric power. This 
arrangement enhances the overall working efficiency of the power system 
100. 

15 

[0102] 

C. Second Embodiment 

The fuel cell system 10 of the first embodiment has the electric 

heater 16, which is activated to heat the hydrogen separation membrane 14 
20 in the pause process. The structure of a second embodiment does not have 

the electric heater 16 and is otherwise similar to that of the first 

embodiment. The flow of the drive control process executed in the second 

embodiment is similar to that in the first embodiment, except the control in 

the pause process as discussed below. 
25 [0103] Fig. 10 is a flowchart showing a pause process executed in the 

second embodiment. The CPU first changes over the open-closed positions 
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of the valves VI through V5 to those in 'State A' shown in the table of Fig. 
11 (step S510a) and purges the non-reformed gas in the reformer unit 11 
and hydrogen in the hydrogen separator unit 13. Here the purge gas is 
supplied at a fixed flow rate. When a time period Tr since the start of the 
5 pause process reaches a reference time Tr_ref2 (step S520a), the CPU 
changes over the open-closed positions of the valves VI through V5 to those 
in 'State B' shown in the table of Fig. 11 (step S530a). The reference time 
Tr_ref2 is set to a certain value that allows hydrogen to remain in the 
hydrogen separator unit 13. When the time period Tr reaches a reference 

10 time Tr_ref (step S540a) in the remaining state of hydrogen in the hydrogen 
separator unit 13, the CPU executes the stop process (step S600). The 
reference time Tr_ref is set to a certain value that does not cause hydrogen 
brittleness of the hydrogen separation membrane 14 by taking into account 
the temperature decrease of the hydrogen separation membrane 14. 

15 [0104] As described above, the pause process of the second embodiment 
reduces the amount of hydrogen in the hydrogen separator unit 13, thus 
effectively preventing hydrogen brittleness of the hydrogen separation 
membrane 14. The fuel gas generation system does not remove hydrogen 
from the hydrogen separator unit 13 in the pause state and is thus allowed 

20 to quickly supply hydrogen to the fuel cells 18 in response to an output 
demand at the time of a restart. 

[0105] 

D. Modification 

25 The embodiments discussed above are to be considered in all aspects 

as illustrative and not restrictive. There may be many modifications, 
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changes, and alterations without departing from the scope or spirit of the 
main characteristics of the present invention. Some examples of possible 
modification are given below. 
[0106] 

5 Dl. Modified Example 1 

In the above embodiment, the control decision process shown in the 
flowchart of Fig. 5 sets the respective flags according to the various 
conditions. These conditions and their combination may be set arbitrarily. 
[0107] 

10 D2. Modified Example 2 

The procedure of the above embodiment selects either the pause 
process or the stop process at the start of the stop control of the fuel gas 
generation system. One possible modification may omit such selection but 
may unconditionally execute the pause process and then change over the 

15 stop control to the stop process based on the various parameters. 
[0108] 

D3. Modified Example 3 

The pause process of the second embodiment changes over the 

positions of the valves with elapse of the time period Tr at step S520a in the 
20 flowchart of Fig. 10. This is, however, not restrictive. For example, the 

hydrogen separator unit 13 may have a sensor for measuring the 

concentration of hydrogen, and the stop process may change over the 

positions of the valves based on the observed concentration of hydrogen. 

[0109] The flow rate of the purge gas is fixed in the pause process of the 
25 second embodiment. The flow rate of the purge gas may be varied with a 

variation in temperature of the hydrogen separation membrane 14. 
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[0110] 

D4. Modified Example 4 

The pause process of the second embodiment shown in the flowchart 
of Fig. 10 executes the stop process with elapse of the time period Tr. This 
5 is, however, not restrictive. For example, the stop process may be carried 
out when the temperature of the hydrogen separation membrane 14 is 
lowered to or below a preset level. 
[0111] 

D5. Modified Example 5 
10 In the structure of the embodiment, the power system 100 has the 

secondary battery 20. The secondary battery 20 is, however, not essential 
and may be omitted when not required. 
[0112] 

D6. Modified Example 6 
15 The above embodiment regards application of the power system 100 

of the invention to the electric vehicle 1000. The power system 100 may be 

applied to any other mobile object. 

All changes within the meaning and range of equivalency of the 

claims are intended to be embraced therein. The scope and spirit of the 
20 present invention are indicated by the appended claims, rather than by the 

foregoing description. 
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